Cadmium (Cd) is a widespread environmental and industrial pollutant. It accumulates in the pancreas and could influence its endocrine and exocrine functions. Tetrahydrobiopterin (BH4) is essential for various processes, and present in all tissues of higher organisms. This study was designed to investigate the effect of BH4 on the acute pancreatic damage induced by Cd and detect its mechanism(s) of action. Thirty rats were randomly divided into three groups (10 rats each). Control: received saline, Cd: received (single dose of CdCl2 4 mg/kg, i.p.) and BH4+Cd: received (single dose of BH4 20 mg/kg, i.p.) one hour before single dose of CdCl 2 (4 mg/kg, i.p.). The α-amylase, lipase, glucose, insulin and interleukin 6 (IL-6) levels were measured in serum and intercellular adhesion molecule-1(ICAM-1), malondialdehyde (MDA) and superoxide dismutase (SOD) levels were measured in pancreatic homogenate. Histopathological examination of pancreas was done. BH4 improved pancreatic functions, where α-amylase, lipase, glucose and IL-6 levels were significantly decreased while insulin levels were significantly increased in serum. Pancreatic damage was ameliorated as evident by significant decrease of ICAM-1 and MDA and significant increase of SOD levels in pancreatic homogenate. Also, the disturbed pancreatic tissues were ameliorated. In conclusion, BH4 induced improvements in pancreatic tissue and functions in cadmium-exposed rats. Part of BH4 beneficial effects could be attributed to anti-oxidative and anti-inflammatory activity.
INTRODUCTION
Cadmium (Cd) is one of the widely used heavy metals and implicated in many industrial applications like electric batteries, electronic components, pigment, and fertilizer and considered as environmental pollutant [1] . Major sources of cadmium exposure include the diet, in particular rice, cereals, potatoes, and other root vegetables, and also smoking as cadmium in tobacco smoke is effectively absorbed in the lungs [2] . It accumulates in various organs, the kidneys, liver, testes, pancreas, thyroid, salivary glands, bone and central nervous system [3] .
Cadmium could influence both endocrine and exocrine functions of pancreas [4] . Also, it leads to necrosis, degeneration and degranulation of beta cells causing an increase in serum glucose level Tetrahydrobiopetrin (BH4) is present in probably every cell or tissue of higher organisms and plays a key role in a number of biological processes and pathological states associated with monoamine neurotransmitter formation, cardiovascular and endothelial dysfunction, the immune response and pain sensitivity [9] . BH4 is biosynthesized from guanosine triphosphate (GTP) [10] . BH4 is an essential cofactor for all three nitric oxide synthase (NOS) isoforms (endothelial, neuronal, and inducible), aromatic amino acid hydroxylases, and alkylglycerol monooxygenase [11, 12] . Also, It is involved in the biosynthesis of neurotransmitters, including epinephrine, norepinephrine, dopamine, and serotonin [13] . continues to grow. Therefore, the present study was designed to study the effect(s) of BH4 on the acute pancreatic damage induced by cadmium and demonstrate the possible mechanism(s) of its action.
Effect of Tetrahydrobiopterin on Pancreas
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MATERIALS AND METHODS
Experimental animals
A total number of thirty adult (about twelve-weeks 
Experimental Design
Rats were randomly divided into three equal experimental groups (10 rats each). Control group:
were given 1 ml of normal saline (0.9% NaCl) injected intra-peritoneal (i.p. 
Collection of samples and biochemical Analysis
After 24 h from Cd exposure, 2 ml blood were collected in glass tubes from orbital sinus and whole blood was centrifuged after clotting, and the serum was separated and the samples were 
Histopathological examination
Pancreatic tissues were fixed with 10% neutral formalin phosphate buffer, dehydrated through a graded alcohol series and embedded in paraffin, then were cut into 5-7 µm sections and stained with haematoxylin and eosin according to Drury and Wallington [25] . The sections were examined under light microscopy.
Statistical analysis
Statistical analysis was performed using the with Bonferroni Multiple Comparison test was done to compare between the studied groups. Pvalues < 0.05 were considered as significant.
RESULTS
1-Biochemical markers in serum
The levels of serum amylase and lipase enzymes were significantly increased in cadmium treated compared to the control group (P <0.001 for each).
However, in BH4+Cd group there are significant lower levels of amylase and lipase versus Cd group (for amylase P<0.01and for lipase P < 0.05).
Comparing to control amylase and lipase enzymes were still significantly higher (P<0.05 for each) in
BH4+Cd group (Table 1) . group when compared with control (Table1). 
2-Biochemical markers in pancreatic tissue homogenate
According to (Fig 1 a, b) (Fig 2 a) .
3-Histopathological results
Control group:
The pancreas of control animal shows islets of (Fig 3 a) .
Cd group:
The (Fig 3 b) .
BH4+Cd group:
The pancreas of BH4 and Cd treated group shows acini more or less similar to the control. Cellular infiltrations are little. The islets of Langerhans cells showed pale stained nuclei (lighter than control). Dilated capillaries between the islets cells are clearly obvious but less than that of Cd treated alone (Fig 3 c) .
DISCUSSION
The present study showed significant increase in the serum levels of α-amylase, lipase and glucose and significant decrease in serum insulin level following cadmium administration compared to the control group indicating pancreatic damage.
These findings is consistent with Khorasgani et al.
[26] who found that cadmium had exerted a toxic effect on pancreatic tissue which lead to extrusion of pancreatic lipase and amylase into the plasma.
Lei et al. Arafah [46] who observed that BH4 can decrease the production of the inflammatory markers as Creactive protein and IL-6. Also, Elio et al. [47] reported that BH 4 treatment attenuates polymorphonuclear neutrophil vascular adherence and tissue infiltration, by inhibiting ICAM-1 expression.
In conclusion, BH4 induced improvements in pancreatic tissue and functions in cadmiumexposed rats. It significantly restores serum amylase, lipase, glucose, insulin levels and ameliorates the disturbed pancreatic tissues. Since cadmium exposure is followed by tissue oxidative stress and inflammation, part of BH4 beneficial effects could be attributed to anti-oxidative and anti-inflammatory activity. 
